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_Abs  tract 

A new  instrument  has  been  developed  for  the  study  of  those  optical  properties  of  ocean  water  that  affect  the  transmission  of 
image-forming  light.  The  instrument  performs  simultaneous  measurements  of  the  volume  utununtioii  coefficient  mid  the  volume 
scattering  function  at  three  angles.  Any  of  ten  wavelengths  covering  the*  spectral  range  from  400  to  (170  nanometers  mav  lie  used. 

A depth  capability  of  500  meters  permits  the  examination  of  water  below  the  euphotic  rone  und  of  the  bottom  waters  on  the  conti 
neutal  shelf.  The  considerations  leading  to  the  design  of  the  instrument,  its  capabilities  and  the  unique  features  it  incorporates 
are  discussed.  Some  examples  of  the  data  obtained  with  the  instrument  are  presented. 

Introduction 

the  study  and  solution  of  visibility  and  image-  transmission  problems  requires  information  regarding  the  optiral  properties  of 
ocean  water  for  various  geographical  ureas  nnd  water  depths.  The  present  state  of  our  knowledge  of  these  properties  has  been  se- 
verely restricted  by  the  type  and  capability  of  the  instrumentation  that  has  been  available.  Visibility  and  image  transmission  through 
water  is  affected  hy  the  optical  processes  of  absorption  und  scattering.  Therefore,  measurements  of  the  medium  are  required  from 
which  the  significant  factors  of  the  absorption  and  scattering  properties  can  be  derived.  Generally,  both  vurv  with  the  wavelength  of 
ti.e  radiation  involved,  with  geo-raphicnl  location,  with  depth,  and  with  time.  It  is  essential,  therefoie,  that  the  measurements  bo 
obtained  rapidly  over  the  spectral  region  of  ink-rest  and  over  the  volume  of  water  of  concern  in  order  that  a complete  and  quasi- 
instantaneous  assessment  of  these  properties  can  be  obtained. 

Recent  studies  of  neur  surface  data  from  stable,  well-documented  wnter  confirm  that  u reasonably  precise  estimute  of  the  totul 
scattering  coefficient,  a,  can  be  obtained  if  the  volume  scattering  function  (VSI- 1,  aid),  is  knov  n at  a suitably  saiall  liagle  from  the 
direction  „,f  propagation.  As  a result  of  this,  the  nhsorption  coefficient,  a,  may  Ik-  determined  from  u knowledge  of  the  volume  ntl  -n- 
uation  coefficient,  a,  and  the  VSF  aid)  since  a s * a.  Thus  a single  instrument  capable  of  measuring  a and  alO)  at  a number  of 
wavelengths  in  rapid  succession  would  sntisfy  the  requirement  for  simultaneous  speetrul  data  on  the  nhsorption  nnd  scattering  pro  >- 
erties  of  ocean  wnters  of  interest.  The  validity  of  the  correlation  la-tween  aid)  nnd  s for  nenr  bottom  waters,  where  the  scatter- 
ing material  may  differ  in  important  respects  from  that  found  in  surfnee  waters,  hns  not  yet  been  verified.  We  expect  from  theoretical 
considerations  and  from  our  evaluation  of  the  nature  of  the  nenr  bottom  scattering  material  that  a satisfactory  relationship  la-tween 
aid)  and  s will  be  found  to  exist. 

On  this  premise,  the  Visibility  Lnborakiry  has  developed  an  instrument  to  perform  the  simultaneous  measurement  of  the  la-urn 
transmittance,  T,  (from  which  a may  la-  ohtained)  and  (he  VS  I-  at  three  smull  angles.  This  instrumen!  when  used  in  conjunction 
with  the  Visibility  Laboratory  general  nngle  scatter  meter** capable  of  measuring  the  VSK  from  10  to  170  can  obtain  values  of 
a Id)  over  a range  of  angles  large  enough  U>  allow  the  computation  of  s directly  from  the  relationship, 

n 

s 2a  f aid)  sind  do  . <!> 
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If  the  expected  correlation  la-tween  aid)  and  s is  found  in  bottom  water  la-low  the  euphotic  rone,  we  may  proceed  with  confidence 
to  utilize  this  single  instrument,  measuring  ALpha  and  volume  St’ATtermg  function  (hence  the  acronym  ALSt  ATI,  for  the  evil  lull  t ion 
of  those  optical  properties  of  near  bottom  water  which  an-  important  for  the  assessment  of  the  operation  of  underwater  viewing 
systems. 


llesign  Objective  and  Specifications 

This  section  will  provide  a brief  description  of  the  importnnt  functional  specifications  of  the  instrument.  It  will  also  serve  ns  an 
introduction  to  the  instrument  and  some  of  the  concepts  used  in  its  design.  Additionnl  bnckground  nnd  details  will  la-  provided  in 
later  paragraphs. 

General  Des  ription 

The  instrument  system  consists  of  four  components 

1 An  underwater  unit  measuring  beam  transmittance,  volume  scattering  function,  water  temperature,  and  instrument  depth. 

2 A special  cable  with  strain  member  (two  lengths,  IDO  foot  nnd  2000  foot,  the  latter  for  use  on  an  existing  winch). 

• The  work  ‘-scribed  was  performed  w ith  support  provided  by  the  Defense  Advanced  Research  Projects  Agenev  aider  ARI’A 
Order  2471 

•"  Developed  with  support  provided  by  the  Naval  Air  Development  Center  under  Conlrnet  N(>22ti!)-71  C-()(i7(>. 
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3.  \ deck  unit  for  topside  digital  signal  conditioning,  data  display,  nnd  functional  control  of  underwater  unit, 

■t.  A data  recording  unit  witti  a 21  column  digital  dula  printer,  an  incremental  magnetic  tape  data  recorder  and  an  x,  y,,  y, 
plotter  * 

The  maximum  dcaign  operating  depth  is  500  meters  <16-10  feet).  The  cahle  strength  is  adequate  to  support  the  instrument  and 
2tM)0  feet  of  cahle  in  water  with  normal  acceleration  fin  res. 

Vertical  profiles  of  transmittance,  volume  attenuutiou  coefficient,  volume  scattering  function,  and  wat"r  temperature  may  he  ob- 
tained at  a rate  of  about  tli  meters  per  minute  or  14  minutes  for  a 500-meter  profile  (neglecting  wire  angle  effects).  Faster  payout 
and  retrieval  may  be  possible  depending  upon  the  gradients  of  the  variables,  the  system  time  constants,  and  th  desired  accuracy. 


Optical  Moasun*rm*ftts 


Ml  optical  measurements  muy  bo  made  ut  any  of  1»  wavelengths  seleetahto  by  command  from  the  surface.  The  wavelength  in  de- 
termined by  interference  filters  having  half  power  bandwidths  of  12.3  nanometers  or  less  and  nominal  centers  wavelengths  of  400, 
4,10,  400,  400  , 520,  550,  580,  010,  040,  and  070  nanometers, 


The  wilier  path  length  may  Ik-  changed  from  1 2 meter  to  2 meters  in  1 2-meter  increments  hy  means  of  spacers  installed  between 
the  projector  and  receiver. 


Collimated  projector  and  receiver  optical  systems  are  us 'd.  The  projector  uses  n 
millimeters  in  diameter  having  a divergence  of  0.5  mtlliradinns  (half  nngle  in  wuter). 
plano-convex  achromnts  specially  fnhriented  for  this  instrumer  . 


15-watt  tungsten  lamp  generating  a beam  9,33 
The  lenses  in  the  projector  nnd  receiver  are 


A portion  of  the  flux  from  the  lamp  is  carried  directly  to  the  receiver  by  a fiber  optic  light  pipe.  This  flux,  which  is  unaffected 
by  the  characteristics  of  the  water  path,  serves  as  a continual  reference  signal  to  enuhle  the  system  to  compensate  for  fluctuations 
in  the  lamp  output  and  or  receiver  sensitivity. 


The  receiver  acceptance  half  angle  is  1.5  milliradians  in  water  for  the  transmittance  measurement.  The  receiver  aperture  stop 
for  transmittance  is  20  millimeters  in  diameter.  The  receiver  field  of  view  nnd  aperture  stop  diametr  are  changed  for  the  three 
volume  scattering  function  (VSK>  measurements.  The  nominal  measurement  angles  (in  water)  over  which  the  VSF  in  measured  are 
3,  ti  and  12  milliradians.  For  pnth  lengths  1 meter  and  shorter  all  three  VSK  measurements  can  lx-  made.  With  a water  path  legend 
of  1.5  or  2 meters,  only  the  3 and  6 mill  radian  measurements  can  be  made  due  to  restrictions  created  by  the  50  millimeter  maximum 
receiver  aperture  diameter 


Pressure  Depth  Measurement 

In  -.trument  depth  is  determined  by  u horded  strain  gage  pressure  transducer  having  a range  of  0 - 750  psin  and  a terminal  linear- 
ity of  $('.15  percent  of  full  sen'e  output.  The  transducer  will  withstand  pressures  of  1 50  percent  of  full  scale  without  affecting  per 
formaiice  characteristics  nnd  in  excess  of  250  percent  of  full  scale  before  bursting. 

The  transducer  output  is  amplified  to  obta.n  a scale  factor  of  1 volt  per  100  meters  of  instrument  depth  (i.e.,  5 volta  for  maximum 
depth  of  500  meters).  The  digital  data  transmission  link  hns  a resolution  of  0.01  volts,  correnponding  to  an  eflective  depth  resolu- 
tion of  I meter.  The  transducer  linearity  limits  the  direct  r-  ding  accuracy  to  >0.8  meters.  An  nlternate  range  of  0 200  meters  may 
be  selected  from  the  control  panel.  This  selection  increases  the  gain  in  the  underwater  instrument  by  a factor  of  10  with  a resultant 
depth  resolution  of  0 I meters.  As  the  accuracy  in  this  case  is  limited  by  the  basic  transducer,  no  improvement  in  absolute  accuracy 
in  roaiizi*d. 


Temperature  Measurement 

Water  temperature  at  the  depth  of  the  instrument  is  sensed  by  n precision  platinum  resistance  thermometer.  The  sensor  resist 
anee  changes  approximately  1 8 ohns  per  degree  Celsius  with  a repeatability  of  -0.03  C.  The  sensor  time  constant  in  agitated  water 
ia  1 6 seconds  or  less. 

The  temperature  response  of  the  sensor  system  is  I volt  per  It)  C on  the  topside  temperature  display  and  recording.  The  range 
of  temperatures  which  the  sensor  system  cun  handle  exceeds  the  requirements  for  wen n measurementa.  The  time  constant  of  the 
thermometer  probe  requires  that  the  rate  of  instrument  lowering  or  retrieval  he  reduced  for  those  portions  of  the  water  column  where 
there  is  a marked  thermocline  if  the  full  temperature  accuracy  is  to  be  achieved. 

Digital  Data  and  Commnnd  Transmission  System  (PI PACTS) 

This  system  provides  for  the  transmission  of  digital  addresses  mid  commnnds  from  the  surface  control  unit  to  the  various  under- 
water sensors  (downlink)  and  for  the  transmission  of  digital  data  from  the  underwater  sensors  to  the  surface  for  displny  and  record 
ing  (uplink). 

The  underwater  portion  of  IMPACTS  will  handle  up  to  eight  analog  input  chnnnels  (M0  volts  full  scale).  An  any  of  these  chan 
nels  is  addreased  hy  the  surface  unit,  its  analog  voltage  is  multiplexed  into  a Id-polar  analog  to-digitnl  converter.  The  digital  dntn 
along  with  the  statua  and  address  of  the  channel  are  sent  to  the  surface  vin  the  twisted  pair  dntn  -ranam.ss.on  line  in  the  underwnt  -r 
cable.  Upon  receipt  of  the  digital  information,  the  surface  unit  stores  nnd  displays  the  dnta  nnd  status  information.  It  then  initiates 

ri-hiTdiTta  logger  was  constructed  with  funds  provided  bv  another  contract,  but  it  is  coaipntible  with  the  recording  requirements  of 
ALSCAT  and  it  will  bo  used  with  this  instrument. 
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the  cycle  for  another  chnnnel  by  sending  down  to  the  underwater  ,,n„  the  appropriate  address  an, . any 

in  status  of  the  underwater  umt.  The  time  required  to  complete  ihe  interrogation  of  a channel  is  , H.l  millis.  tonds.  As  HtvtniH' 
lela Teur^tly  .a"nK  used,  each  channel  is  sampled  IH.2.  times  per  second.  Tins  data  rate  ,s  ,n  excess  of  tha,  required  to  ac- 
curately record  any  of  the  variahles. 

The  capability  is  provided  to  address  any  one  or  any  eoc  bin alien  of  the  eight  data  chain, els  ,n  sis.uenee.  Only  those  so  addres- 
sed will  lie  interrogated. 

A 4 h.t  command  word  is  associated  with  each  channel.  These  digital  commands  are  transmuted  to  the  underwater  u.  't  with  each 
cycle  of  the  DIDACTS  where  they  an'  placed  in  a storage  register.  If  the  status  of  the  I Vi  controlled  function  (e.g.,  wavelength 
ter  wheel  position,  photomultiplier  tube  high  voltage  setting,  chopper  motor  s', cod  settnig.  or  scale  factor  w'.th 

not  in  agreement  with  the  command,  a digital  comparator  senses  this  and  it a sequence  of  changes  an.  I the  status  agrees 

nri  The  digital  condition  of  the  atiitii*  generator  HHKociatcd  with  each  controlled  function  is  plnccd  in  t v un  » rw 

1-  H,%, -"I,  -S'  aw 

surface  unit  do  not  correspond,  display  and  recording  of  data  is  iiihilousl. 

Optical  Design 


Design  Considerations 

In  order  to  ohtain  the  smallest  error  n.  an  instrument  design, si  to  measure  the  volume  attenuation  coefficient,  u.  it  cun  In'  shown 

r ~;r 

wsldiingfrom  the  inru'ased  path  length,  furthermore,  the  optimum  length  ehnnges  with  wavelength  and  water  mass,  and  the  advan 
Uge  of  Oie  lonr  path  rnp.dlv  depresses  as  the  attenuation  length  decreases.  As  an  example,  given  an  , ns, rumen,  having  a path 
M meter’ , her  with  a path  length  of  2 meters  both  hnving  the  same  photometric  accuracy  the  "crossover  - 

atu  /f  ,c,I."t  i.c.  the  coefficient  where  the  errors  i„  the  men,  of  a ,s  the  same  for  the  ‘wo  instruments  would  Ik- 

T o iSm-i.  Kor  a mmeter  instrument  w„h  a photometric  error  0.2  percent,  the  err.*  ,n  the  determination  of  ,,  0 05m  du,  U. 

nhoinmnirie  err,,  rwould  be  An  O.OOtl  m >.  and  ,he  relative  error  would  la-  No  0 022  or  2.2  percent.  I his  should  lie  ac 

ce'ptahlo  for  all" but  the  most  critical  research  purposes.  The  same  instrument  shortened  to  1 meter  and  used  in  the  same  water  would 
is  x ,1  non  m-  « und  \u  a 0 0 C>  or  t 2 percent  an  error  that  would  still  lie  acceptable  tor  most  applications.  Thus  a I or 

V^er  LnsaSt'Lte:  with  gl,  ic  ae  euraev  can  volume  attenuation  coefficient  data  for  clear  ocean 

waters  These  shorter  instruments  are  greatly  to  he  pretend  from  the  standpoint  of  ease  of  handling  at  sea  to  the  longer  instruments 
Tto  Lse  having  a large  number  of  reflecting  or  transmitting  surfaces  having  critical  cleaning  requirements  as  ,n  some  instrument 
design#  with  multiply  folded  opticiil  paths. 

There  was  an  nddit  onal  and  over  riding  consideration  forcing  the  design  to  shorter  path  lengths.  That  was  the  requirement  to 

zttx&'zttzz'zr.'szzffz 

sue  of  the  transmissometer  ls-nm  place  further  restrictions  on  the  beam  diameter. 

The  compromises  then  were  between  long  measurement  path  lengths  for  , ..euraev  ,n  clear  water  transmittance  thence  ■ > me  a 
suremenU  3 short  water  path  lengths  for  small-angle  \Sh  measurements  and  for  ease  of  handling  a,  sea.  an  <h>  between  a large 
Z^r  be  a m Z p irecis, on  in  measurement  of  V SK  and  small  diameter  ,o  keep  the  optical  system  reasonable. 

In  this  instrument  the  projector  and  receiver  beams  were  collimated  as  oppos.d  to  the  cy  I indrically  I, m„d  design  used  ,n  Pre- 
vious Vi  In  bilUv*1  Da  bora  lory  instruments.  The  primary  reason  for  this  was  p,  allow  the  precise  apeciflcatloi,  of  angular  ^ - 

in  both  the  VSK  and  the  transmittance  m a-uremeuts.  A corollary  nefit  ,s  thnl  the  measurement  path  length  may  t*  h""^d  ^ h,  Ut 
affecting  the  instrument  calibration  providing  only  that  the  receiver  entrance  aperture  ,s  of  adequate  diameter  to  nn.pt 
tervd  at  the  maximum  menwurod  scattering  iin^rlc*  for  the  longest  measurement  path. 

Description  of  the  Opticnl  Design 

The  optica,  system  consists  of  a projector  which  provides  a small  beam  of  highly  collimated  light  and  ' 
whose  optical  axis  is  aligned  with  the  axis  of  the  ,m,,e,  tor.  The  field-of  view  of  the  receiver  ,s  caused  to  chnng,  rejie,  mdy.  by 
means  of  an  indexing  field  stop  wheel  loentod  at  Ihe  foenl  point  of  the  receiver  objective  lens.  I'.-'  the  measurement  of  trnu.mit- 
tance  the  field-of-vfew  is  determined  by  the  requirement  to  pass  all  flux  leaving  the  projector  which  has  Ik  on  neither  absorhed  nor 
Sred  Til  if  the  power  in  the  bonm  as  i,  leaves  the  projector  is  l>„  and  that  remaining  after  « raver.,,, g n„  instrument  water 
path  length  f is  Dp,  then  T l*p  v 

For  the  measurement  of  the  volume  scattering  function  nt  angles  close  to  the  forward  direction  the  field-of  view  of  the  receiver 
ia  aueh  that  it  blocks  the  directly  transmitted  light  and  accepts  flux  which  has  been  scatter.*!  by  the  water  nt  a small  rnnge  of  angles 
around  the  desired  median  nngte.  Those  portions  of  the  optical  system  that  are  illuminated  by  the  projector  l.'nm  can  also 
to  i,  altered  flux  which  is  indistinguishable  from  thnl  scattered  by  the  water.  To  reduce  this  unwanted  signal  to  „ minimum  th.  d. 
sign  emphasized  reducing  the  number  of  opt, cut  surfaces  and  amount  of  glass  to  a minimum  and  specifying  the  highest  quality  mater- 
ials and  surfaces  in  the  optics  used. 

The  volume  scattering  function.  o<0>.  at  nnglc  0 from  the  direction  of  propagation  mav  lx'  detera.ined  from  the  expression 
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i i 

.»(«)  — (2) 

l ,0t  lyot 

»horo  I’f  (0)  the  onnxis  power  leaving  the  measurement  volume, 

\>f  (0)  the  received  power  scattered  at  a mean  angle,  8,  into  a solid  angle  mg, 

,,)fl  the  solid  angle  of  acceptance  of  the  receiver  about  the  measurement  anitle  0 , 

an(j  ( the  path  length  through  the  measurement  volume. 

This  relationship  may  be  derived  as  follows  The  volume  scattering  function  is  defined  by  the  differential  relationship 

d-ilOl  o(8>  • II  dV  ,3) 

v. here  dJ  (8)  is  the  radiant  intensity  scattered  in  the  direction  » by  an  elemental  volume.  dV . of  the  scattering  medium.  H is  the 
inadiance  incident  on  the  elemental  sample  volume.  In  an  instrumental  determination  of  »(#),  a sample  volume  of  finite  size  is.  of 
course,  required  in  order  to  obtain  measurable  quantities  of  power.  The  size  of  the  volume  and  of  the  receiver  solid  angle  of  accep- 
tance, cfl.  an-  determined  hv  the  sensitivity  of  the  receiver,  the  power  in  the  projector  beam,  the  spectral  bandwidth,  and  the  range 
of  o<8)  values  to  he  mensurcd.  In  Al.SCA  T the  sample  path  length  is  sufficient  so  that  losses  along  the  path  cannot  be  neglecte  d 
in  the  derivation.  The  measurement  path  is  shown  schematically  in  figure  I. 


tyill 

J 


l’o(0l  the  power  in  the  benrn  emitted  hy  the  projector  into  the  water, 
Ap  the  aren  of  the  projector  neam, 

t the  length  of  the  measurement  volume, 

T,  the  transmittnnee  of  the  water  pnth  to  \ 

Tf  l’0<OI  the  transmittance  of  the  total  water  path. 


Th°n,  since  power  in  the  beam  at  x is  given  hy 


U.  A,  - I’,  l*o(0)  • T, 


dl’,<8)  ,„gd.l.(8>  . 


represents  the  power  scattered  in  direction  0 by  the  element  of  path  dx  at  x,  hq.  may  Is1  rewritten  as 


dl’t<8>  o(8l  ■ T,  • l*„(0>  <ngdx 
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Now  the  amount  of  thia  power  reaching  the  receiver  lit  I will  !*■ 


diy  ,()))  ,<UI)  T,  IV  . ' IV0’ 


and  since  T,  ■ Tf  . T f.  Kq.  (-1)  liecomeK 


d\‘(  .!«)  « l»»  I f l’„it)»  i..rtd\ 


(dal 


Solving  for  the  I0U1I  scattered  power  received  from  the  entire  measurement  volume  we  el, tain 


l*^(fl)  *»(/))  Tf 


from  which  we  obtain 


niO) 


■‘0f  'If 


ly  111 

r ini 


Hi) 


or  aince  (0)  Tf  - 


(U) 


,r(  ID 


I rptrt) 

i “iff  1‘ptO1 
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The  above  derivation  assumes  single  scattering  and  that  the  path  travelled  l.v  a scattered  photon  ,s  no.  Mg  lifieau.ly  longer,  m 
terma  of  attenuation  losses  than  that  travelled  l>>  an  unsenttered  photon. 

Projector  The  projector  source  ,s  a I.Vwatt,  tvvoi,  project. on  lamp  with  a 1.5  x 1 -»  mm  Ha.  core  ' filament  lOsram  .SHIM  The 
illuminates  a field  stop  O dd  m.llimeU'rs  ,n  diameter  placed  at  the  Steal  distal., e fro.,,  the  projector  objective  lens  Isr  h . - • 
Th.a  lens  is  a TW-millimeter  focal  length  «)  millimeter  diameter  plano-convex  nehromat  with  the  plane  surfa.  e in  on  ad  with  th, 

water.eI/\  condensing'  lens  images  the  Hlamen.  the  tor  apertur The  projector  clear  aperture  M millimeters  in  - ,a 

meU’r  however,  wince  the  dinKonal  of  the  filament  imrKe  at  this  plane  is  sliRhtlv  smaller  than  the  aperture  dnimi  U r t \>ron  « « 
r^.m  as  U entern  the  water  ta  bular.  The  pm,e,t«r  beam  du,rRenee  ,*  0.*7  -Ihradians  in  a,r  and  0 , milhradians  in  -ter. 
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Photomultiplier  Tub**  Housing 


Integiattng  i**t»*f“  Mousing 


Relay  Light  P«»h? 


Field  Stop 
ami  Shutter  ‘#fhee 


f eld  Inns 


Wheel 

Driver 


Aperture  Sl<H' 
ami  t>t  t v«-  Wheel 


Detent 


Field  Stop  Position  Sensor 


i . >|er  Wheel  P«  Si  I ion  Sensor 


Reteieme  Light  Pi;-* 
Hi  red  Shutter 


u h provide*  a 1.5  .mlliradtan  < lial f angle* 
vide  |i»r  \olunu*  scattering  function  mea- 
nt hen  these  annular  field  sinpi*  an*  in 
ni  mu  duvet  flux  from  the  proj  cl  or  from 
aiiiTiil  l>s  angle*  w it  hi  n the  limits  ^mlfl 


I i m ill i motors  in  diameter  i 
elor.r  annular  stops  which  |i 
as  » how ii  hi  the  table  l»dow 
»•  central  spot  « *t  th«  -top  prove 
e projector  which  has  been  *« 


The  four  receiver  field  stops  const 
field -of- v lew  for  the  transmittance  hum 
surements  at  the  nominal  angles  of  ; 
place,  the  image  of  the  projector  field 
reaching  the  receiver.  In  this  situatio 
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of  the  projector  bees  ae  it  enter*  the  water  can  be  accepted.  Thus  if  the  projector  apertuiv  stop  diameter  is  <6p  and  the  path  length 
i*  t,  the  minimum  receiver  aperture  atop  muat  be 

* 2fd...  . 

To  reduce  the  orrore  introduced  by  the  inclusion  of  acattered  light  in  the  transmittance  measurement  and  by  the  unwanted  inclu- 
sion of  secondary  acattered  light  in  the  VSF  measurement,  it  is  desirable  to  limit  the  size  of  the  sperture  stop  to  that  required  for 
each  measurement.  In  this  instrument  the  receiver  apertine  stop  is  determined  by  the  size  of  the  image  of  a circular  slop  in  the 
"indeaing  aperture  atop  wheel”  formed  by  the  field  lena  (see  Figs.  2 and  3).  Thia  image  is  formed  at  the  water  surface  of  the  ri- 
ceiver  objective  lens.  The  field  atop  wheel  and  the  aperture  stop  wheel  are  on  the  same  shall  and  index  together.  Thus  each  ••{  the 
four  optical  measurements  are  performed  with  an  appropriate  aperture  stop  size.  A slight  compromise  was  necessary  in  the  interes. 
of  beeping  the  size  of  receiver  lens  and  its  mounting  to  within  what  were  felt  to  be  reasonable  limits.  Thus  the  maximum  receiver 
atop  diameter  was  kept  to  50  millimeter*  which  precludes  measuring  the  VSF  for  8 - 12  milliradians  in  the  1.5  or  2.0  meter  path 
length  confi  gurationa. 

The  atop  wheel  mechanism  indexing  speed  can  be  controlled  from  the  surface  up  to  a maximum  of  3 complete  cycles  ol  the  wheel 
per  second  (IS  indexing  actions  per  second). 

spectral  Filtering.  A wheel  carrying  10  narrow-band  interference  filters  is  located  between  the  aperture  stop  wheel  and  the  en- 
trnnee  port  of  the  integrating  sphere  (see  Figa.  2 and  3).  The  operator  may  select  the  filter  required  by  a command  from  the  surface 

control  unit.  The  filter  characteristics  are  shown  in  Fig.  4. 


CHARACTERISTICS  or  SPECTRAL  FILTERS  IN  AI.slAI 
(SLOT®  SET.  DI1MC  3 CAVITV) 


NOMINAL 

WAVELENGTH 

(nm) 

CEKTR0ID 

X 

urn) 

MAXIMUM 

X 

(ran) 

lt\lJ 
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]T(>)d» 

^••quiv 
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3.903 

0.492 
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4.840 

0.63" 
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580.0 

579 

9.4 

6.284 

0.669 

M0 

608.4 

604 

11.3 

6.82“ 

0.604 
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641.0 

638 

11.2 

ft.  666 

0.595 

670 

669.3 

668 

12.3 

".519 

0.611 

Fig. 
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I’ ho  toilet*1  (.'tor  Unit.  An  integrating  sphere  has  Is  on  used  to  ensure  that  the  Kamo  portion  of  the  photocathode  of  the  pholomuHt 
ulieTtuhJ  tUCA  ID28AVI ) is  used  for  all  measurements.  This  was  particularly  important  since  the  diatribution  of  flux  in  the  be  a 
siting  the  filter  wheel  change*  markedly  for  the  five  na  aa.iren.euta  (including  the  fita'r  optic  "reference  measurement,.  Such 
changes  in  distr.I.ution  can  cause  the  output  of  the  photomultiplier  tula'  to  U-  non  proportional  to  the  total  flux,  if  different  arena  of 

the  photocathodc  are  used. 


Underwater  Lenses 

The  amount  of  glass  and  the  number  of  surfaces  in  the  optical  paths  of  the  instrument  was  kept  to  a minimum  in  the  interest  of  re- 


ducing the  residual  instrumental  scattering.  To  this  end  plano-convex  lenses  with  their  plane  side  in  contact  with  the  water  were 
used  fn  lieu  of  the  usual  combination  of  lenses  and  plane  parallel  optical  gluss  windows,  lho  requirement*  for  strength,  low  seat 
tcr.ng  and  ae hromatization  dictated  lens  requirements  that  could  l«*  met  only  hy  spee.al  lens  deaign  and  fabric.Uon.  t*n»eqttentfy, 


two-element  cemented  achromats  were  designed  hy  one  of  the  authors,  <TJI>>.  »nd  mni.ufaetured  to  strict  tolerances  with  respect  U. 
surface  finish,  buhbles.  inclusions,  strain  nnd  striae.  The  following  table  lists  the  major  spec. fictions  of  the  lenses 


AI.SC AT  oiukctivf:  i.fssks 

„ f Heceiver 

75  mm 

P.ameter  | l,ril)tM  lor 

.»)  mm 

Focal  l ength  (587. 50  nm.  lie  d line) 

kit)  mm  * U7 

\xial  Color  Correction:  100  to  070  nm 

• 0.2n  of  foenl  length 

Front  Surface 

Flat 

Rear  Surface  Radius  of  Curvature 

11:1. till  mm 

Ml  Surfaces  Conformity  to  Above 

Within  1 fringe  per  12  mm 

Surface  tjnulitv  per  Mil.  0 1. *881* 

HO  It) 

Central  1 I mm  (Receiver*  \ 

a*  10  or  U'tter 

Ceiit/nl  10  mm  (Projeetor*  ] 

Maximum  Deviation  Hetween  (Ritu  al  am!  Mechanical  Axes 

8 minutes 

....  . I Receiver 

85  mm 

l.ens  thickness  | 

II)  nun 

Mt*chanu*ul  Drsi^n 


The  mechanical  design  was  predict. . I on  providing  n rugged,  m-lme  instrument  that  could  take  the  normal  sh.phoard  abuse  and 
maintain  its  optical  alignment  The  projector  and  receiver  assemblies  are  mounted  in  cylindrical  pressure  vessels  that  are  accurately 


positioned  with  respect  to  each  other  by  henvv  aluminum  cylindrical  spacers.  Figure  5 shows  the  instrument  assembled  in  its  I 
meter  configuration  at  the  top,  and  tho  sketches  at  the  bottom  of  tie  figure  show  how  various  combinations  of the 


to  vary  the  water  path  length  from  0 5 to  2.0  meters.  Tho  elongated  holes  in  the  cylinder  walls  of  the  spacers  are  provided  to  lhc.1l- 
tat..  rBpid  exchange  of  water  in  the  measurement  path.  The  splicers  are  held  together  hv  split  clamp  rings  which  allowrap.d  and  ac- 
curate changes  ,n  path  length  All  optical  references  nre  made  to  the  large  face  pl.ite  to  which  the  receiver  pressure  housing  and  the 
first  spacer  <11  in  Fig  51  nre  nttnehed.  The  plate  was  carefully  machined  to  receive  the  curved  surfnee  of  tho  receiver  objective  lens 
and  the  plane  water  contact  surface  of  this  lens  is  parnllel  to  the  plane  of  the  outer  surface  of  the  plate.  The  optical  .omponents  for 
the  receiver  nre  mounted  on  ....  optic  nl  bench  fastened  to  the  inner  surface  of  this  face  plate  and  held  rigid  hy  the  addition  of  two 
large  rods  and  an  end  plnte  brace.  The  projeetor  nmt  is  centered  ami  aligned  to  .he  receiver  hy  means  of  two  sets  of  three  adjust 
mi»nt  Hcrews  in  the*  wnll  of  tho  spaei  r tuU*, 


Access  to  the  receiver  optics  nnd  electronics  is  ubtnined  by  removal  of  the  cylindrical  pressure  housing.  Access  to  the  lamp 
IS  obtained  hy  removing  first  the  protective  guard  (....it  F.  in  Fig.  5',  mid  second,  the  rear  half  of  the  projector  pressure  housing.  The 
optical  alignment  is  not  affected  hy  this  procedure,  l.amp  replncemeiit  or  ndjustment  nre  quick  .v  and  simply  effected. 


The  fiber  optic  light  pipe  and  wires  from  the  receiver  to  the  projector  are  csrri.al  through  aluminum  tnhing  attaches!  to  tho  n- 
spective  face  plates  hy  convent tonnl  tubing  compression  fittings.  A separate  tubing  length  is  required  for  each  of  the  four  men 
suremenl  path  lengths. 
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Kl*u  ironic  !>«••*  i«n 

The  electronics  may  he  divided  into  two  oistinct  parts  1 1 > tin  analog  signal  dot. ■.  non  and  processing  circuits.  and  2’  the 
Digital  Data  And  Command  Transmission  Si.ua  tltiH  ACTS'.  K.gtirc  « is  an  abridged  Ido.  I Warn  .d  «»>.  underwater  am..  I ho 
multiplexer  analng-to-digital  converter  is  the  essential  inlorfnoe  between  the  analog  and  digit  a circuits. 


Underwater  Analog  (*»mntr> 

An  optoclectric  coupler  <I,KD  photodiode  unit)  senses  the  position  ,.f  th.  indexing  stop  shed  mil  provides  timing  otiul.  lor 
the  signal  detection  process.  The  primary  phot.idetector  is  n d stngo  photomultiplier  tuls-  'lie  \ IP2.S.W1'.  Ih.  gum  of  this  tube 
is  adjusted  bv  controlling  the  high  voltage  applied  to  its  d. vnodes  in  a manner  do-,  nhod  later.  I he  output  signal  Iron,  the  nils-  eon 
sists  of  a series  of  six  discrete  current  levels  corresponding  to  the  s,v  positions  t th.  st..,.  wheel.  I he  . urrenl  is  consorted  to  a 
voltage  signal  by  an  operational  amplifier,  and  thi-  voltage  is.  in  turn,  applied  to  the  inputs  of  s,e  sample  and  hold  ,ir.  nils.  I hes. 

circuits  are  switched  by  the  timing  signal  rate!  he  the  st..,.  wheel  I ..  I'hus  the  IU\  puts  of  h.  ■ 'AM  ■ .reuits  .or 

respond  to  the  average  value  of  the  photomultiplier  lithe  output  during  the  sampling  aperture.  I hes,  -.gnals  ar.  the  '.lingo  analogs 
of  the  light  flux  entering  the  integrating  sphere  and  are  updated  once  per  revolution  ..t  th.  st,.,.  who  1 Ih.  ■<  . »rr.  ' 

ponding  to  VSC  (»,.  and  o,'  and  transmittance,  are  applied  directly  to  the  analog  mill, i, . lever.  In  addition  the  iransmiitanc. 
signal  is  applied  to  a logarithmic  circuit  w huh  provides  an  output  voltage  tnalng  of  the  volume  attenuation  ...efficient  a.  i.,.. 

a -1  ! In  T. 
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The  output  from  the  "zerc"  S&ll  circuit  provides  an  indication  of  the  dark  current  in  the  photomultiplier  tube  and  zero  drift  in  the 
current  to-voltage  connected  operational  amplifier.  The  ''zero"  signal  is  fed  hnck  to  a summing  junction  at  the  input  to  thia  ampli- 
fier and  forces  the  amplifier  output  to  zero,  thus  compensating  for  the  zero  offsets  generated  to  this  point. 

The  output  from  the  "reference”  S&ll  is  proportional  to  the  signal  nrriving  at  the  phototube  through  the  fiher  optic  light  pipe.  As 
this  signal  is  independent  of  the  water  path,  its  value  should  remain  constant.  Any  variation  in  this  signal  ia  attributable  to  varia 
tions  in  the  lamp  output  or  in  the  overall  response  of  the  photomultiplier  tube  <!>MT>.  Regardless  of  the  cause,  changing  the  gam  of 
the  I'MT  can  n-store  the  reference  signal  to  a preset  value.  This  vnlue  is  determined  with  the  instrument  in  air  by  adjusting  the  high 
voltage  applied  to  the  I’MT  dvnodes  until  the  imlicnted  transmittance  is  0.925.  This  value  represents  the  transmittance  change 
caused  hy  the  increase  in  losses  at  the  two  exterior  surfaces  of  the  lens  windows  whm  these  interfaces  are  in  air  aa  opposed  to 
water  The  high  voltage  is  adjusted  ns  tillows  The  output  from  the  reference  S&ll  is  electronically  compared  to  a reference  signed 
generated  hv  n digital  to-analog  convene!  (PAD.  The  DAC  output  is  adjusted  from  the  surface  hy  the  setting  of  digital  switchea. 

The  difference  signal  between  the  DAC  output  and  the  reference  S&ll  controls  the  high  voltage  npplied  to  the  I’MT.  Thua  once  this 
adjustment  hss  been  made  in  air  (after  careful  cleaning  of  the  windows)  the  magnitude  of  this  difference  signal  is  established.  With 
adequate  loop  gam  small  changes  in  the  reference  S&ll  output  will  provide  sufficient  compensnting  I’MT  gain  chsnge  to  hold  the  over- 
al!  system  response  constant  to  within  the  desired  iO.l  percent. 

The  pressure  and  temperuture  transducer  outputs  are  processed,  and  voltage  analogs  of  the  depth  (0  200.0  or  0 - 500  meters) 

and  temperature  (0  40.0  O are  applied  to  the  nnulog  multiplexer.  Changes  in  the  full  scnle  range  in  depth  and  a measurement  are 

effected  hy  digital  c <mmands  transmitted  from  the  surface, 

Digital  Circuits 

The  seven  underwater  analog  channels  are  multiplexed  into  an  analog-t-  digital  convertor  (ADC)  in  accordance  with  addreaa  sig- 
nals transmitted  from  the  surface.  The  output  of  the  ADC  is  fed  to  a shift  register  nlong  with  the  address  and  atatus  in  formation 
from  the  seven  ehunnels.  The  underwater  transmitter  then  sends  this  serialized  digital  information  up  a balanced  digital  data  trans- 
mission cahle.  At  the  surface  the  dntn  is  shifted  into  five*  data  registers  that  Intoh  the  data  in  accordance  with  the  channel  ad 
dresses  (see  Fig.  7).  The  information  in  the  latched  registers  is  provided  to  the  digital  displnys,  printer,  magnetic  tape  recorder, 


* The  five  are  Transmittance,  Alpha,  Depth,  Temperature,  and  one  of  the  three  VSK  chnnnels  as  selected  hy  the  operator. 


10 


